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Abstract 

We calculate the supersymmetric 0{as) QCD corrections to the widths of 
the Higgs boson decays H~^ —> tb and H^,Af —> ii,bb in the on-shell scheme 
within the Minimal Supersymmetric Standard Model. We find that the QCD 
corrections are significant, but that the squark pair decay modes are still domi¬ 
nant in a wide parameter region. 





1 Introduction 


It is well known that the Minimal Supersymmetric Standard Model (MSSM) pre¬ 
dicts the existence of hve physical Higgs bosons and p|, In order 

to facilitate experimental Higgs boson searches it is necessary to perform a thorough 
theoretical study of their decay branching ratios [Q. Their decays into supersym¬ 
metric (SUSY) particles can be very important if they are kinematically allowed 
B 0 . 0 , i- The decays into the 3rd-generation squarks i and b can play a special 
role because they can be much lighter than the other squarks and the decays can be 
strongly enhanced due to their large Yukawa couplings and their large qi — QR mixings 
1^, 1^, The tree-level results of Refs. |^, ^ show that the decay modes H'^ tb 
and H^, ^ tt, bb can be dominant in a large region of the parameter space of the 

MSSM, and that this could have an important impact on searches for and 

A^ at future colliders. 

The SUSY QCD corrections to the decays —> tb and A^ —>• ti, bb can be 

large ^j. This suggests that the QCD corrections to H~^ —>■ tb and H^,A^ —^ tt,bb 
could also be large. Therefore it is very important to examine whether the results of 
Refs. ^ remain valid after including the QCD corrections. In Ref. |]^ it was shown 
that the QCD corrections to > tb can be signihcant in the DR renormalization 
scheme, but that they do not invalidate the result in Ref. 0 on the dominance of the 
—>■ tb mode in a large parameter region. 


In the present paper we extend our study to the decays of the charged and neutral 
Higgs bosons. We use the on-shell scheme which is more appropriate for the discussion 
of physical observables. We calculate the complete 0{as) QCD corrections to the 
widths of the decays tb and H^, > it, bb within the MSSM including all 

quark mass terms and qi — QR mixings. The main complication here is that the qi — qR 
mixing angles are renormalized by the SUSY-QCD corrections. This problem was hrst 
solved in Ref. 0 


in the treatment of e’''e 




where a suitable renormalization 
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condition for the squark-mixing angle was found. The method was also applied in 
|T^, |l^ ^ to qi —> and t ^ Ux?. In the present study we use the renormalization 
prescription as given in . Furthermore, we point out that special attention must be 


paid to the soft SUSY-breaking parameter Mq, which enters the stop and sbottom 
mass matrices: in the on-shell scheme, the renormalized Mq in the stop sector is 
different from that in the sbottom sector. 

We hnd that the QCD corrections to the squark pair widths are signihcant, but that 
the squark pair modes {H~^ tb and H^, A^ —> tt, bb) are still dominant in a wide 
parameter range. 
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2 Tree level result 


We first review the tree level results |^, |^. The squark mass matrix in the basis (g^, 
qr), with q = i orb, is given by ||, |] 


where 
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Mq + rUg + m| cos 2/3{Ig^ - sin^ 9w), 

M^j £,} + + ^1 cos 2(3eq sin^ 6w, 

{ mt{At - cot 13) {q = i) 

1 ^ tan/3) {q = b) ’ 


( 1 ) 

( 2 ) 

(3) 
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and 

q ^ ( cosdq sinOg \ , . 

y — sin^g cosOq j ' ^ ' 

The mass eigenstates qi{i = 1,2) (with rriq^ < rriq^) are related to the SU(2)2, eigen¬ 
states qa{oi = L, R) by g* = Ri^qa- 

The tree-level decay width of (jiqj is then given by (see Fig. la) 




Nck 

Ibvrm^j, 
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( 6 ) 


For k = 1,2,3 denotes the neutral Higgs bosons (i. e. H'^ = H^, 

rs ^ ^ Pqj, k = 4 one has = H~^ and g* = ti, qj = bj, and the upper 

index g in Gfgi, is omitted, k = fi:(m^fe, m|, m?^.), k{x, y, z) = {{x — y — z)'^ — Ayz)^^"^, 
Nc = 3, and the H’^q^qj couplings Q are given by 


Gip = G(H0i-Y = {Rlai„(R’f) 

- etS^i-)^a+l3 + 
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2mwC0 i^bCa k'Sa) 
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R^z o2 
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4* mwCp^G^ 
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( 8 ) 


Giji = G{h^q*qj) = {G{H^q*qj) with a ^ a + Ivr, 

(i. e. sin a = s^ —>• Cq, , cos a = c^ —>• —Sq, , and cos(a + P) = c^+y —>■ —Sa+z?)} , (9) 
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= G{A^i:i,) = 


W I 0 mt{At cot P + fi) 

2mw V -mt{At cot P + fi) 0 


( 10 ) 


Gijs G{A%th) 2mw[ -mb{AhtanP +fj.) ' 0 


0 mb{Ah tan. P + ^) 


= G{H^ilhp = 

q ^ I m^tanP + mf cot P — sm2P mb(Ab tan P +/i) 
V^mw I mt{At cot P + iJ.) 2mtmb/sm2P 


(fly. 


( 12 ) 


Here g is the SU(2) coupling, a is the mixing angle in the CP even neutral Higgs 
boson sector, cw = cos 9w and sw = sin^w- 


3 QCD corrections 


The 0{as) QCD virtual corrections to stem from the diagrams of Fig. lb 

(vertex corrections) and Fig. Ic (wave-function corrections). All parameters of the 
QCD interacting particles, appearing in the tree-level mass matrix of eqs. 
and the tree-level couplings of eqs. (|^ - (p!2D, have to be renormalized. These are 
the soft-SUSY-breaking squark masses Mg the quark masses rrit^b, the trilinear 
couplings Atfi, the squark masses and the mixing angles (a, /3, and fi are of 

course not renormalized by QCD). In this paper we use the on-shell renormalization 
scheme. 


The one-loop corrected decay amplitudes Gj^P^^ can be expressed as 


^qcorr _ , c^qiw) ( 0 ) 

^ijk — '^ijk + ^^ijk + ^'^ijk + ^'^ijk ) 


(13) 


where G^jk are dehned by eqs. (|^) - (|^) in terms of the on-shell parameters, and 
^G^tjk^ and SGfjp'* are the vertex and squark wave-function corrections, respectively. 

denotes the counterterm caused by the on-shell renormalization. They get 
contributions from the gluon, gluino and squark exchange. (Again the upper index q 
has to be omitted for k = 4.) 

The gluon exchange contributions to the vertex corrections are (see Fig. lb) 
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dTT 

2{jTl^k 
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The gluino exchange contributions to them are (see Fig. lb) 


6G 


ijk 


27r 


4 [ 


+{6ijmq + ^|,.mg}(So(m? ,m?,mj) + 5o(m|.,m?,mj)) + {(4mJ - 
m]jt.)Sfjmg + (2mJ + 2m? - m| - m|)(5ymg}C'o(m?, mj, mj) ] , (15) 


for = 1, 2, 




O-sCp 


a'' [ Ajjmq{Bo{ml, m?, mj) - 5o(m|., m?, mj)) 
+eymg(Eo(m|., m?, mj) + 5o(m|, m?, mj)) 

+{(m|. - m|.)Af^mg - m^fceijm3}C'o(m?, mj, mj) ] , 


(16) 


and 

SG<Sf 


a.C 


s'^F 


2f 


{{aLL)ij{mty2 + rribyi) + {aRR)ij{mtyi + mb|/2)}5o(m^, ml, ml 


+{{aLL)ijmy2 + {aLR)ijmgyi + {aRL)ijm02 + {aRR)ijmtyi}Bo{ml.,mj,ml) 

+{iaLL)ijmbyi + {aLR)ijmgyi + {aRL)ijmgy 2 + (aRij)ijmfc|/2}5o(mf,, m?, m^) 
+{{ml + ml- mR)mg{{aLR)ijyi + {aRL)ijy2) 

+ {ml + m? - ml^)mt{{aLL)ijy2 + {aRR)ijyi) 

+ {ml + m? - m\)mb{{aLL)ijyi + {oiRR)ijy2) 


+2mgmtmb{{aLR)ijy2 + {aRL)ijyi)}Co{ml,ml,ml) 

The vertex corrections due to the four-squark interaction are (see Fig. lb) 


(17) 


icf/F’ = 


OisCp 

dvr 


^ BQ{m\k,ml^,m\)Gli!,Al^Al, {k = I, 2, 3), (18) 


n,/ 
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O-sGr 

dvr 




(19) 


nd 


si {k = 1,2), a^, yi, and y 2 in eqs. (|^, (0), and ([T7|) are the Yukawa couplings P|: 

C = s\h^qq + slH^qq + a^A^q^^ + Hn{y^PR + |/2Pl)5 , (20) 


with 


s = 


S2 = -9 


^ mt cos a 
^ 2mw sin /3 ’ 
mt sing 
2mw sin /3 ’ 


b _ mb sing 
1 ^ 2mw cos 13 ’ 


5o = 


cos Q 

^ 2mw cos /3 ’ 






( 21 ) 


yi = tan (3 = hb sin /3 and y 2 = cot (3 = ht cos [3 . 
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Cf = 4/3, is the unit matrix, eij is totally antisymmetric with ei 2 = 1, 


/ cos26^5 -sin26^5 \ oq ^ ( -sin26'g -cos29q \ 

y — sin 26q — cos 26q / ’ y — cos 26q sin 26q j ^ ^ 


{0Cap)ij = {2,6ap - l)Rla^ 


JP ' 


(23) 


and rUg is the gluino mass. A gluon mass A is introduced to regularize the infrared 


divergences. The UV divergences are regularized by dimensional reduction (DR) 
o which preserves supersymmetry at least at one-loop order. We use the usual one 
two-, and three-point functions Aq, Bq, Bi, and Cq |T^ 


Ao(m^) 

[Bo,k'"Bi] 

Co{ml,mj,ml) 


d^q 


qD, 


m 


2 ’ 


d^q 


[l,g^ 


(g2 _ mi){{q + ky — m^) ’ 
d^q 1 


ZTT^ (g2 _ ml){{q + %)2 - mf)((g + kq^^ - ml) 


In these integrals kq. and —kq. are the external momenta of qi and respectively. 
The squark wave-function corrections can be expressed as 
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9j' 


Here and in the following i y i! and j y j'. Ilfj{k‘^) are the one-loop corrections to 
the two-point functions of didj, which are obtained from the graphs of Fig. Ic. n(fc^) 
denotes the derivative with respect to /c^. The last two terms in (^4] ) represent the 
corrections due to squark mixing. Note that for H~^ decay {k = 4) the subscripts i 
and i' are attached to t and j and f to b. The explicit forms of the self-energies and 
their derivatives of the diagonal parts are 


nIj’HtP) 

nfF(4") 


OtsCp 


dvr 


(3fc2 + m?)i?o(fc^A^m?) + 2fc2R,(fc^A^m|) , (25) 


OlsCp 


[Ao{mq) + A;^Ri(A;^m?,mJ)) Sij 
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(26) 
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Now we discuss the shifts in eq. (|^. From eqs. and (H) it follows: 

6Gp°'> = (i?« 6Glji {R^f + 6R^ {R^f + R^ Gl^ 

Using eq. (j^) one further gets: 

SGig' = (R%,(SGiMFeU - {(-ifGl,j2 + (-l)'G'-J 60^ 

From eqs. and (§) it directly follows: 

9 ( 


SGin = 


SG^lr = 


AmtSa5mt 6{mtAt)sa — fiCaSrrit 

2mwsp \ H'i^tAt)sa - fJ-CaSmt ArritSaSmt ^ 

g ( AmbCaSrrif, 6{mbAi,)ca — g^SaSmi, 
2mwCp \ S{mbAb)ca - fisjmb Ambcjmb 

■Y<?{0) 


( 28 ) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 


To get the correction terms one makes the same replacements as in eq. 


iG’f = 


pcfy: with tt —» a + . 


(36) 


For the couplings to the A^ boson, eqs. ([T0|) and (|^) one gets the correction terms 


ig 


r^g(o) _ _ 

2mw \ -iS{mqAg){cot P, tan P} + g6mq) 

where cot P (tan/?) has to be taken for g = f (6). 
For the H'^ tb [k = 4) we have 


6{mqAq){cot P,tanP} + gduiq 
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SG^^l = {rHGlr {R^f 




-lyGiij^SOi — {—lyGijJ4^59i , 


(36) 


(37) 


and 
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g ( 2mb(5mfe tan/? + 2mt(5mt cot/? 5{mbAb) tan P + bnibg. 
Airnw \ 5{mtAt) cot P + SrritgL 2(5mtmb + mt^rub)/sin 2/3 


(38) 
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We now give the formulae for Srriq, 6{mqAq), and 66q in the on-shell scheme. These 
terms consist of three parts, denoted by the superscripts g, g, and q. Therefore we 
can write Since the renormalized niq is taken 

to be the pole mass, one gets 


Srug = -|- 6mf^ , 

(y. C 

5m^9) = - Si(mg,0,mg)), and 

(y. C 

5m^9) = [sin20gmg(So(m2,m?,my - So(mJ,m?,m?J) 

+ + ] , (39) 


from the graphs of Fig. Id. Note that 5rrS^'> = 0 because there is no corresponding 
Feynman graph. 

The on-shell renormalization of the squark mixing angle dq and mqAq is, however, not 
straightforward. Here we adopt the following procedure: We start from squark pole 
masses rUg. and the on-shell mixing angle 9q which will be dehned later. The other 
on-shell parameters (Mg p p, Aq) for squarks are then dehned in terms of the above 
rriq. and 9g by the tree-level relations eqs. (i-®. In this scheme SijriqAq) takes the 
form 

6{mqAq) = sin26'g-F(m?^-m?J cos26'g(56'g-h(5mg/i{cot/d, tan/?} , (40) 


where cot {3 (tan/?) is for g = t (6). Here one has = Re[nf/^^(m|) -|- nf/^^(m|) 


nf/^^(m|)] from eqs. (^5))- 
Next we have to dehne the on-shell renormalized squark mixing angle 9q. We treated 

We hxed the counterterm of the 
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this problem in in the case of e’''e 
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mixing angle 59q such that it cancels the off-diagonal part of the squark wave-function 


corrections to 
from 


91^2 
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Here we use the same scheme and take 59q = 59^ 


(9) 
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Stt 
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)a22) ,(41) 
(42) 


with On = cos^ 9q — s^Cq) and 022 = 4(Jg^sin^6*g — s^Cg). The counterterms 
are then completely hxed. 


In our calculation we need the on-shell parameters {Mq p p, Hg). In a combined 
treatment of both the stop and the sbottom sectors in the on-shell scheme we have to 
pay special attention to the parameter Mq. This is necessary for the calculation of the 
















decay width of tb and of the branching ratios of Higgs decays. At tree-level 

and in the DR scheme the parameter Mq in the stop and sbottom mass matrices 
must be equal because of 811(2)^ symmetry. In the on-shell scheme, however, this is 
not the case. The shifts from the DR parameters to the on-shell (i. e. physical) ones 
are different for the stop and sbottom sectors: 




„ = M%{t) 


DR 




OS 




with 


M: 


Q 




(43) 


<5M|(g) = 5m, 


Ql 


COS^ 9a 




sin 26q66g - 2mq5mq 


(44) 


In this paper we take AfQ(f)|Qg as the on-shell input parameter. This then leads to a 
shift of M? in the sbottom sector: 




+ mlii) 



(45) 


As all physical parameters are hnite, the shift SM^(t) — 5M^{b) has to be UV con¬ 
vergent. We have checked that this is indeed the case. 


The one-loop corrected decay width to 0{as) in the on-shell scheme is then given by 

r(H‘ ^ *1,) = + 2G|,Re(iGf/”> + SOtff' + iGf,'“>)|. (46) 

We have checked the UV convergence of the amplitudes of eq. (^) and hence 

also of —> qiqj). The width of eq. (|46|) is still infrared divergent. 


The infrared divergences in (^6]) are cancelled by including the 0{as) contribution 
from real gluon emission from g* and qj (see Fig. le). The decay width of H^{p) —>■ 
qi{ki) + qjih) + g{h) is given by 


T{H^ ^ q-qm) = 


asCFNc\Gkj^\ 


■[{m]jk - m? - m|)/i2 - m? Jn - m|.J22 


The functions In, and Inm are dehned as |T8 
1 


A1...471 o 

71^ 


d?ki d?k2 d^k^ 4 


2 Ei 2E2 2F/3 


-ki-k2- ks) 


{2ksh, + X^)...{2ksh^ + X^y 


h-h]. 

(47) 

(48) 


The explicit forms of are given in |T^. In (^71) , /ii, 22 ,i 2 are infrared divergent. 

We have checked that the infrared divergences in (EZP cancel those in (^Bj). In the 
numerical analysis we dehne the corrected decay width as 


rcorr(^fc ^ ^ r(i7^ ^ qfqX + ^ g~ Ag) 


(49) 
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4 Numerical results and conclusions 


We choose {m^o, rrit^b, M, /i, tan/3, Mgii), A} (with M^ii) = Mg(t)|Qg) as the ba¬ 
sic input parameters of the MSSM, taking M = {a 2 /as{mg))mg = (S/dtaii^ 9w)M', 
Mq{J,) : Mfj : Mf) : = and A = At = = A^-. Here M 

(M') is the SU(2) (U(l)) gaugino mass, a 2 = and {Mi^, A^.) are the mass 

matrix parameters of the slepton sector |P, ||. We take rrit = 175 GeV, rrib = 5 GeV, 
mz = 91.2 GeV, mw = 80 GeV, sin^ = 0.23, 02 = 0.0337, and as = as{rnHk) for 
the decay. We use as{Q) = 127r/{(33 — 2nj) ln(Q^/A^^)}, with as{mz) = 0.12, 
and the number of quark flavors Uf = 5(6) for rrib < Q < rrit (for Q > rrit). 

We dehne the QGD corrections as the difference between the 0{as) corrected 
width —> qiqj) of eq. (|49|) (i. e. eqs. (H) plus (^) and the tree-level width 

ptree^^fc qt^j) of eq. (^ with Mq = MQ{i) for both the i and b mass matrices. 
Note that but due to the shift in MQ{b) in eq. (^5[), where rriq. 

(^tree) jg ou-shell gj-mass at one-loop level (at tree-level). This shift is calculated 
by taking as at the scale M^it) in eq. (|4^) . 

In order not to vary too many parameters, in the following we take the val¬ 
ues of M,p, and tan/3 such that ~ 70 GeV as in ||], where x? is the lightest 
neutralino. In Fig. 2 we show the m^o dependence of the tree-level and corrected 
widths (gg) = Ei,i=i ,2 ^ g^g^O and r“F(gg) = Eij=i ,2 r“''''_(i7'^ ^ Mj), 

and the tree-level branching ratio B*^f{qq) = J 2 i,j=i ,2 —>■ qiqj) § for 

{tan 13, M (GeV), /i (GeV), Mq( 3) (GeV), A (GeV))’= (2, 160, 300, 95, 300) (a, 
b, c), and (12, 140, -300, 150, -250) (d, e, f). In these cases we have (in GeV 
units): (m^^,m^,m-+) = (106, 252, 105, 124, 99, 113, 465, 
128)(a,b,c) and (97, 297, II 3 ' 215, \o2, 210, 412, 133)(d,e,f). Here xi is the lighter 
chargino. We see that in these cases the ib mode (the sum of the it and bb modes) 
dominates the H~^ decay (the and A^ decays) in a wide m^o range at the tree-level, 
and that the QGD corrections to the tb mode (the tt and bb modes) are signihcant, 
but that as a whole they do not invalidate the dominance of the tb mode (the sum of 
the tt and bb modes). Our calculation includes the leading Yukawa corrections to the 
Higgs sector as in Note that mH+ — tuho ~ m^o in the m^o range shown here, 

and that the does not couple to UU and bibi {i = 1,2). As for decay, we have 
found that the decay titi is kinematically allowed only in a very limited region 
of the MSSM parameter space [^. 

In Table 1 we show the values of the tree-level branching ratios —> tb) 

(a, d), —>• ii,bb) (b, e), —>• ii,bb) (c, f), and the QGD corrections 

C{H~^ —>• tb) (a, d), C{H^ —^ ii,bb) (b, e), C{A^ —>• ii,bb) (c, f) for typical values of 
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MqiJ:) and A, for {rriAo (GeV), tan/?, fi (GeV), M (GeV)) = (400, 2, 300, 160) (a), 
(450, 2, 300, 160) (b), (500, 2, 300, 160) (c), (400, 12, -300, 140) (d),_(450, 12, -300, 
140)_ (e), and (500, 12, -300, 140) (f). Here ^ tb) = ^ 

ilbb) ^ (gg) (k = 2,3), CiH+ ^ fb) ^ (r“?(t1) - Tf:ifb))/Tf:{fb), 

and c(//‘ ^ ilU) = (E5.an„T(® - E5.«rgi'(,j|))/E5.«rsi'®) (k = 2,3). 

We see again that the QGD corrections are signihcant, bnt that the qq modes domi¬ 
nate the H~^, H^, and decays in a wide region also when the QGD corrections are 
inclnded. We have fonnd that onr resnlts are rather insensitive to the assnmptions on 
the ratios of and Ab^r/At. 

Here we note that for large tan/3 (and large |/i|) we often get negative corrected 
widths for some of the fe-involved modes (i. e. the bibj and tibj modes) depending on 
the valnes of the other inpnt parameters. This is mainly dne to a large valne of the 
third term of 5{Abmb) of eq. (1^) for large tan/3 which leads to large valnes of the 

shifts {k = 2,3) and 6G\^\ of eqs. (|3^) , (|3^) , and (^), which then can resnlt 

in negative corrected widths for some of the 6-involved modes. Here note that the 
shifts and bG^jl are ronghly proportional to d(Abmb) tan/3 ~ Srrib fitan^ f5. 

In conclnsion, we have calcnlated the 0{as) QGD corrections to the decay widths 
of tb and H^, A^ tt, bb in the on-shell scheme, inclnding all qnark mass terms 

and qi-qR mixing. We hnd that the QGD corrections are signihcant, bnt that they 
do not invalidate onr previons conclnsions at tree-level abont the dominance of the 
tb, and tt, bb modes in a wide MSSM parameter region. 
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Figure Captions 


Fig. 1 All diagrams relevant for the calculation of the 0{as) QCD corrections to the 
width of qiQj in the MSSM. 


Fig. 2 The m^o dependence oiT^^^k{qq) (dashed line), F^F(gg) (solid line), and B^^f{qq) 
(short-dashed line) for (tan/?, M (GeV), fx (GeV), M^ii) (GeV), A (GeV)) = 
(2, 160, 300, 95, 300) (a, b, c), and (12, 140, -300, 150, -250)(d, e, f). 


Table Caption 

Table 1 and C for typical values of Mq (t) and A, for various values of (m^o, tan (3, /i, M). 
See the text for details. The requirement > m^o (~ 70 GeV) is satished 

for these parameter values. 
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Table 1 



M~(t)(GeV) 

A(GeV) 

'Qtree 

C 


M~(t)(GeV) 

A(GeV) 

giree 

C 

(a) 

80 

0 

0.704 

-0.002 

(d) 

140 

-250 

0.781 

0.158 


80 

250 

0.803 

0.125 


140 

0 

0.735 

0.121 


120 

150 

0.732 

0.148 


140 

200 

0.756 

0.091 


120 

350 

0.751 

-0.052 


180 

-300 

0.680 

0.114 


140 

0 

0.609 

0.002 


180 

0 

0.624 

0.196 


160 

350 

0.678 

0.185 


180 

250 

0.646 

0.159 


180 

-150 

0.506 

-0.103 


220 

-400 

0.669 

0.103 


240 

550 

0.706 

0.241 


220 

350 

0.600 

0.135 

(b) 

80 

0 

0.818 

-0.072 

(e) 

140 

-250 

0.595 

0.201 


140 

100 

0.752 

0.164 


180 

200 

0.560 

0.116 


200 

-150 

0.746 

-0.132 


200 

250 

0.564 

0.155 


200 

0 

0.706 

0.131 


240 

-400 

0.569 

0.018 


200 

400 

0.644 

0.220 


260 

400 

0.536 

0.092 


260 

-300 

0.649 

-0.247 


300 

-600 

0.611 

0.011 


260 

600 

0.777 

0.153 


340 

650 

0.497 

0.075 


360 

900 

0.865 

0.171 


400 

-950 

0.649 

0.005 

(c) 

80 

200 

0.617 

0.135 

(f) 

140 

-250 

0.591 

0.270 


80 

300 

0.680 

0.118 


140 

-50 

0.503 

0.350 


100 

300 

0.668 

0.139 


160 

0 

0.445 

0.389 


120 

250 

0.616 

0.185 


170 

150 

0.440 

0.318 


140 

200 

0.550 

0.244 


180 

-200 

0.464 

0.302 


140 

350 

0.661 

0.186 


180 

200 

0.433 

0.345 


180 

300 

0.505 

0.451 


200 

-350 

0.531 

0.071 


180 

450 

0.672 

0.221 



300 

0.434 

0.402 
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